Abstract Objective: To establish a method to simultaneously determine major and trace element contents of Na, K, Cu, Fe, Zn, Mn, Ca, Mg, Cr, Ni, Pb, Se, As and Cd in six herbal drugs. Methods: Microwave digestion procedure was applied under optimized conditions for digesting medicinal herbs. Concentrations of elements were determined by ICP-AES. Results: The results indicated that the herbal drugs were abundant in major and trace contents which are healthy for human body. After optimizing the microwave digestion technology, the recovery of the element was 96.79-103.47% and the RSD < 5.0%. Conclusion: ICP-AES combining the microwave digestion technology, there were a lot of merits of time-saving, saving efforts, reducing environmental pollution, fast and accurate determination result in determining major and trace elements. ª 2011 King Saud University. Production and hosting by Elsevier B.V.
Introduction
In relieving heat and toxic drugs, Chinese herbal medicine has lasting effects and has being favored by people for its low toxicity and high effectiveness of treatment. The medicinal value of Chinese herbal medicine has a direct relationship with trace elements, whose interaction is complex and very important (Zeng et al., 2001 ). The trace elements, which were low in human body and have high effectiveness, play important roles in health and keeping the human body's normal metabolism. K, Na and other major elements are required for the body. K plays an important role to maintain the body fluid osmotic pressure and acid-base balance. Na can maintain body water balance, acid-base balance, neuromuscular irritability, etc. Ca, as a major component of bone, can increase the density of the capillary wall, reduce its permeability, reduce leakage, and has antiinflammatory and reduction of swelling effect. Mg deficiency can result in increased excitability of the nervous system. Fe is a carrier of hemoglobin and active site of many enzymes. Mn can improve immunity and stimulate anti-toxin synthesis. Zn, involved in immune function, can accelerate the healing of damaged tissues and increase the body resistance to infection (Shao and Bian, 2002) . So it is meaningful to adjust metabolic disorders caused by major elements and trace elements deficiency in the body to study content of major elements and trace elements in Chinese herbal medicine and treat disease with traditional Chinese medicine containing more major elements and trace elements.
The methods of determining major elements and trace elements are often atomic absorption spectrometry (AAS), inductively coupled plasma atomic emission spectroscopy (ICP-AES) method, inductively coupled plasma mass spectrometry (ICP-MS), etc (Deng et al., 2002; Peng et al., 2006; Zhang and Rui, 2010) . ICP-AES method with the advantages of low cost, rapid analysis and wide linear range, low detection limit and simultaneous determination of multielement has been widely used. In recent years, microwave digestion method has become more common international digestion methods, which has many advantages, such as fast dissolving, good dissolving effect, simple, safe, easy to control, low evaporation losses, multiple samples digestion and good reproducibility. In this paper, 14 kinds of major and trace elements (Na, K, Cu, Fe, Zn, Mn, Ca, Mg, Cr, Ni, Pb, Se, As and Cd) in six kinds of Chinese medicinal herbs for detoxification treatment were determined by ICP-AES with microwave digestion.
Material and methods

Equipment and working conditions
Optima2100 DV inductively coupled plasma atomic emission spectrometer (ICP-AES, PerkinElmer Corporation of USA), dual array solid-state CCD detector projection optical system, RYTON material atomizer, 40.68 MHz solid-state high-frequency self-excited generator, polyscience circulating water cooling system and MAS Microwave Digestion System (CEM Corporation of USA). ICP-AES operating parameters were just showed in Table 1 .
Material
Chinese herbal medicine Andrographis paniculata, Rhizoma Smilacis Glabrae, Forsythia, Viola, Rhizoma Menispermi, Prunella purchased from the pharmacy of Xinxiang City, which was identified by the Chinese medicine laboratory of the College of Pharmacy of Xinxiang Medical University.
Reagents and standard solutions
Nitric acid (superior grade of pure, Zhengzhou Piney Chemical Reagent Factory), Perchloric acid (AR, Shenzhen Yongsheng Chemical Co., Ltd.), mixed standard stock solution: concentration of Na, K, Cu, Fe, Zn, Mn, Ca, Mg and Se were all 1000 lg mL À1 , Cr, Pb, Ni, As and Cd were all 100 lg mL À1 (Merck of Germany).
Preparation of standard solution
The standard stock solution was diluted with 2% nitric acid step by step, mixed standard solution of Na, K, Cu, Fe, Zn, Mn, Ca, Mg and Se were prepared by the gradient of 0.00, 0.5, 1.00, 2.00, 4.00 and 8.00 lg mL
À1
, mixed standard solution of Cr, Pb, Ni, As and Cd were prepared by the gradient of 0.00, 0.25, 0.5, 1.00, 2.00 and 4.00 lg mL À1 .
Sample handling
Different types of herbs were taken in triplicate 0.5 g, which were set in the high-pressure digestive tract, add 10 mL of concentrated nitric acid and 2 mL perchloric acid, digested, transferred the digestion solution to different beakers, removed acid on a heating plate at 180°C, transferred to 25 mL flask, major volume with 2% nitric acid.
Microwave digestion conditions
The digestion solution is nitric acid and perchloric acid (10:2), the microwave digestion conditions was just shown in Table 2 . 
Results and discussion
Detecting wavelength and detection limit
Selecting the spectral lines for detecting, which must have little spectral interference and high precision. The detection limits was just showed in Table 3 3
.2. Precision and recovery test
To ensure the precision of the experiment, Andrographis paniculata was selected to detect the precision and recovery with six parallel. The relative standard deviation (RSD) range from 0.45% to 4.69%, and the recoveries range from 96.79% to 103.47% (Table 4) , which proved this method was accurate and precise.
Contents of major and trace elements in six herbal drugs
The growth of medicinal plants not only need nutrients for normal plant growth, but also can selectively uptake and accumulate some trace elements which are good for human health and the important basic substance to prevent and control disease ion (Fu et al., 2004) . Our results showed that herbal drugs for relieving heat and toxic were rich in K, Ca, Mg, Na, Fe, Mn, Zn, Cu and Ni, which play irreplaceable roles in their efficacy, such as improving immune function and disease prevention. In the six herbs, Andrographis paniculata and Prunella contain more K and Mg than other Chinese herbs, and Viola and Prunella contain more Ca, Zn, Mn, Fe than other Chinese medicinal herbs, but contents of Cu and Ni have no significant difference from different herbs. All the six herbs contain little heavy metals, especially Se and Cd were not detected (Table 5) .
Conclusions
In conclusion, this study established method to simultaneously determine14 kinds of elements Cu, Fe, Zn, Mn, Na, K, Ca, Mg, Cr, Ni, Pb, Se, As, Cd in Chinese medicinal herbs for clearing heat and detoxification. Determining elements in the radial observation by ICP-AES with microwave digestion has many advantages, such as saving time and effort, reducing environmental pollution, small matrix effect, good stability, high sensitivity, high analysis speed, good accuracy and multi-element simultaneous analysis. 
